The production of hadrons in elementary or heavy ion collisions increases with event charged-particle multiplicity. In pp and p-Pb collisions at the LHC energies the change in yield ratios between any two hadrons, meson or baryon, strange or non-strange, with event charged-particle multiplicity depends on masses of hadrons and masses of their constituent valence quarks. Their relative enhancement or suppression with event charged-particle multiplicity can be parameterized in a single empirical function. The function is independent of all quantum numbers. The function shows neutral Φ(1020) meson behaves like a single strange particle, and when compared to a similar massive strange hadron, i.e. Λ(1115), the meson is likely to be less affected by canonical strangeness suppression.
Introduction
Measurements of strangeness enhancement in heavy-ion collisions were originally conceived to be an early signature of QGP formation [1, 2] . Therefore, it has attracted much attention both on theoretical and experimental side. The non-valence strange (s) quarks are sufficiently light (∼96 MeV/c 2 ) [3] to be abundantly created during the course of collisions. High p T strange quarks can be produced in hard (perturbative) partonic scattering processes like flavor creation, flavor excitation and gluon splitting. At low p T non-perturbative processes like pair production and string fragmentation dominate the hadron production. The statistical model is a very useful tool to study the increase of relative strangeness production in heavy-ion collisions with respect to elementary collisions. According to the Statistical Hadronization Model (SHM) [4, 5, 6] , this is mainly an effect of the increase of the global volume from elementary to heavyion collisions. The model suggests a phenomenon known as strangeness canonical suppression that requires conservation of strangeness. This approach assumes that the total amount of strange hadrons is smaller with respect to non-strange hadrons. However, canonical suppression is not enough to account for strangeness enhancement from pp to heavy-ion collisions. This is demonstrated by neutral mesons like Φ mesons, which do not suffer canonical suppression but are relatively more abundant in heavy-ion collisions [7, 8] . In high-multiplicity protonproton (pp) collisions the integrated yields of strange and multi-strange particles relative to π increase significantly with the event charged-particle multiplicity density ( dN ch /dη ) [9] . The enhancement is more pronounced for multi-strange baryons. Yield ratios of non-strange particles are observed to be very similar in small and large systems, but the production of strangeness appears to be significantly suppressed in smaller systems. The yield ratios are similar to those found in proton-lead (p-Pb) collisions at the same multiplicity densities [10, 11] and reaches the values observed in lead-lead (Pb-Pb) collisions [12] , where a QGP is formed. Therefore, experiments suggest evolution of strangeness enhancement seen at the LHC energy as a function of dN ch /dη may point towards a common underlying physics mechanism, which gradually compensates the strangeness suppression in fragmentation.
In this paper we present the enhancement or suppression in yield ratios between any two hadrons, meson or baryon, strange or non-strange, with event charged-particle multiplicity by using ALICE published data in pp collisions at √ s = 7 TeV and in p-Pb collisions at √ s NN = 5.02 TeV. The variations in yield ratios depend on masses of hadrons and masses of their constituent valence quarks, and this is independent of any quantum number. We describe the relative yield ratios by fitting the published data with a parameterized function.
Results and Discussions
The strange and multi-strange baryon yields in Pb-Pb collisions have been shown to exhibit an enhancement relative to pp reactions. The same can be seen in high multiplicity events relative to low multiplicity events in pp collisions at LHC energies. Figure 1 shows the multiplicity dependence of primary yield ratios of hadrons to π, scaled by the respective values measured in the inclusive INEL > 0 pp collisions. Here a primary particle is defined as a particle created in the collision, but not coming from a weak decay. The measurements were for events having at least one charged particle produced in the pseudorapidity interval |η| < 1.0 (INEL > 0). For brevity, π + +π -, p + p, Λ+Λ, Ξ -+Ξ + and Ω -+Ω + are denoted as π, p, Λ, Ξ and Ω, respectively. The hadrons in the numerator are non-strange (p), single strange (K 0 s , Λ) and multi-strange (Ξ, Ω) particles. The published experimental data points are shown by markers (see legends in the fig. 1 ), and these are in pp collisions at √ s = 7 TeV [9] and in p-Pb collisions at √ s NN = 5.02 TeV [10, 11] . The measurements were performed at mid-rapidity |y| < 0.5. The detail information on data can be found in Refs. [9, 10, 11] and references therein. The figure shows the normalized ratios increase with dN ch /dη . The ratio between two non-strange hadrons (p/π) is close to unity over all dN ch /dη except at the very lowest point. One can observe that Λ/π values consistently stays above (below) K 0 s /π (though these are in consistent within uncertainty) for dN ch /dη above (below) dN ch /dη pp INEL>0 , the charged-particle multiplicity density in INEL > 0 pp collisions. Also, the hadron ratios in very first point consistently going out of the trend (see the parameterized function fit in Ref. [9] ). The data shows higher the mass difference between numerator and denominator higher is the suppression. These two observations suggest there may be a mass effect in the enhancement and/or suppression, and the dominant mechanism for the hadron production differs in the long range of dN ch /dη . We have parameterized a function to describe this behaviour and fitted simultaneously to these 5 sets of data points. Lines in Fig.  1 show function fits. The empirical function is in the form The fit describes data well with χ 2 /ndf of 0.38, and gives a = 1.35 ± 0.13, b = 1.84 ± 0.11 and c = 0.18 ± 0.034. There are two parts in the empirical function, which represents two different behaviours of yield enhancement. The first part depends on the masses of valence quarks, and it contributes substantially towards higher dN ch /dη . The second part depends on the hadron mass, and it contributes largely towards lower dN ch /dη . This may indicate that hadron production towards higher dN ch /dη is largely from quark coalescence and recombination mechanism [13, 14, 15] , and in lower region most hadrons come from fragmentation like processes where hadrons mainly produce by excited string fragmentations or high p T partonic jets [16, 17, 18] . In general, the coalescence models have been qualitatively successful in describ- ing the increase of the (strange) baryon to (strange) meson ratios. At the LHC energies, data shows net baryon density vanishes at mid-rapidity [19, 20, 21] . So quarks form in pairs (qq) of same flavour for the conservation of baryon number. It requires 2 quark pairs (uu & d d ) to form a single π + (ud ). Similar process is followed for all hadron except for few neutral mesons, especially Φ mesons. Similar way, a string has to fragment into h and h. This makes us double the masses in the formula. Figure 2 shows the published data (by markers) for different hadrons (Ξ, Φ, Λ, p) to π and K 0 s ratios, scaled by the respective values measured in the inclusive INEL > 0 pp collisions, as a function of dN ch /dη in pp collisions [9, 22] and p-Pb collisions [10, 11] . The lines show the function predictions for the respective ratios (follow the legend of Fig. 2) . The function describes data to a great extent both qualitatively and quantitatively. The data shows Φ mesons behave like a single strange particle. We do not need to double the masses in the function for Φ meson to describe its behaviour. Therefore, the function says this neutral meson is likely to be less affected by strangeness (canonical) suppression, and this can be seen towards lower dN ch /dη region. Despite the same strange content Λ/K 0 s (like p/π in Fig. 1 ) ratio shows suppression towards lower dN ch /dη . The p/K 0 s ratio agrees with unity towards lower dN ch /dη . This may indicate a cancelling effect between higher p mass and heavier s quark in K 0 s . The normalized Ξ/K 0 s ratio stays below normalized Ξ/π ratio and above normalized Λ/π ratio. All these behaviours of experimental data are well described by the function. To know how well the functions describe the individual set of ratios, we have calculated χ 2 /ndf for each function. Each χ 2 /ndf is below 1 except for Ω/π, which is 1.07.
The two parts in the empirical function give suppression or enhancement in the yield ratios of hadrons independently, and it is shown in Figure 3 . This shows the changes (%) in the h/π ratios from h/π may not hold for event with non-zero net baryon density. We may expect the function could describe the suppression or enhancement, if any, in charm hadron production relative to lighter hadrons.
Summary
In summary, we have parameterized a function to describe multiplicity dependent relative yield enhancement between hadrons produce in pp collisions at √ s = 7 TeV and p-Pb collisions at √ s NN = 5.02 TeV. The function depends only on either masses of hadrons or masses of constituent valence quarks, and shows the enhancement does not depend upon any quantum number. It says Φ meson is less likely to be affected by strangeness (canonical) suppression. Mechanisms like coalescence and recombination of quarks favour production of heavier hadrons more than lighter ones with increase in event charged-multiplicity density, and fragmentation suppresses more the production of heavier ones in low charged-multiplicity events. Further studies extending to heavy flavour production in pp collisions are essential, as they would confirm whether the function could be extended to charm production or not.
